It is demonstrated that a Contactless Flash Technique (CFT) can be employed to fabricate large SiC platelets. The rapid crystal growth of the platelets is attributed to the high temperatures (estimated µ2300°C) reached by the sample during the 33 s process. The SiC platelets consisted of elongated hexagonal crystals (thickness between 24¯m, length up 50100¯m) with their c-axis corresponding to the slow growth direction. The mechanisms involved in the development of the platelet morphology are discussed in relation to well-established literature on the conventional growth of SiC platelets.
Discovered in 2011, 3) Flash Sintering (FS) 1),2) is an ultra-fast powder consolidation technique, for which extremely rapid heating rates (10 3 
10
5°C /min) are intrinsic to the process. The use of rapid heating has been widely investigated for the consolidation and densification of materials. 4) However, its application in other areas of materials processing -such as synthesis, crystal growth and chemical reactions -remains to be investigated. Only some recent work from Liu et al. 5) explored the possibility to produce eutectic ceramics during the FS consolidation of Al 2 O 3 Y 3 Al 5 O 12 ZrO 2 powder mixture. The rapid heating observed during FS, combined with associated accelerated process kinetics, may offer other opportunities and advantages besides powder consolidation. The objective of the present work is to develop a FS-based technique to synthesize platelet SiC crystals. The tendency of SiC to sublime at high temperature (>2100°C) makes it an ideal material to demonstrate the potential of the newly developed Contactless Flash Technique (CFT) (described in detail in Ref. 6 ) to produce material consisting of large plate-like SiC particles.
The experimental procedure involved several steps, including; compaction of the SiC powder into pellets at low temperature using SPS, cutting into bars and processing by CFT. The starting powder was an ¡-SiC powder purchased premixed with sintering additives from H.C. Starck Grade Amperpress Alpha UF 15-Premix. The powder contained (in wt.%) C 32.533.50, B 0.450.60, O max 5, Fe max 0.05, Al max 0.04, Ca max. 0.01 (Si balance). The samples (¯40 mm) were prepared using an SPS furnace (FCT HPD 25; FCT Systeme GmbH, Rauenstein, Germany) under vacuum (³5 Pa) at a temperature of 1400°C for 5 min. The density of the resulting samples was comparable to a green compact, yet strong enough to allow them to be cut into bars using a diamond saw. Thin slices (18 mm © 33.5 mm © ³40 mm) were cut using a diamond disc and were then dried in an oven prior to flash sintering to avoid cracking of the sample under the heat of the arc.
The schematic of the experimental setup used for CFT is given in Fig. 1(a) while photograph of the apparatus is shown in Fig. 1(b) . A pre-compacted bar was held by a ceramic holder [ Fig. 1(b) ] and it was placed below the electrical arc in a 3 axis positioner. The distance between the two pairs of torches and the sample dimensions were observed to have a significant effect on the CFT. The arcs were then ignited and maintained equidistant from the sample. The FS current was supplied by a Super 200P 4 in 1 welder. The current was limited to 26 A to reduce surface heating and the discharge time was varied to control the degree of sintering. The flash sintering current and voltages were measured using Hall effect sensors (Allegro Microsystems, LLC ACS758LCB-100B) connected to a data logger (National Instruments USB-6221). Sample oxidation was limited by the use of Argon flow.
The preheating temperature was measured using a K-type thermocouple, 1 mm in diameter, which was embedded in the sample. The sample temperature reached 1400°C in just 5 s. More experimental details can be found in Refs. 68. The sample was fractured and prepared for SEM analysis. SEM micrographs were taken in secondary electron mode at 20kV on an FEI Inspect F unit.
The electrical data, current and voltages, recorded during the CFT are given in Fig. 2 . In the first few seconds of discharge there is a significant drop in the voltage from 26 to 13 V suggesting that the resistance decreased very quickly. After this initial transitory the current was maintained stable at around 26 A and 1113 V for about 33 s. The arcs were stable (i.e. no current oscillations or cut-offs) and there was minimal incubation period (the current suddenly increased within 12 s after the application of voltage). As shown in Fig. 2 , after 27 s, there was a detectable increase in the voltage from 11.4 to 14 V with a drop in the current from 26.8 to 25.8 A.
A photograph showing the cross section of the sample is given in the inset of Fig. 3 . At this macroscopic scale, large crystals can be observed in the cross section. As described by Saunders et al., the highest temperature of the sample was reached at the sample centre; as highlighted by the arrow in the inset of Fig. 3(a) . The initial sample thickness was 3.3 mm and its thinnest section after CFT was 1.45 mm, suggesting significant material sublimation during the process. A scanning electron microscope image of the sample cross section is given in Fig. 3(a) . Over a radial distance of 2 mm, large SiC platelets formed. The platelets are more clearly shown in Fig. 3(b) . The platelet thickness was in the range 24¯m and width up 50100¯m, corresponding to an aspect ratio of about 2550.
To better understand the formation and growth of SiC platelets we analysed the relevant scientific literature. There have been several proposed methods to produce SiC platelets, the American Matrix and Carborundum were also able to develop a large scale manufacturing processes. Their approach to the growth of 6H-SiC platelets to be used as a reinforcing phase in composites has been to use a 2 step process, as described in Ref. 9 As also detailed in US patent 4,981,665, at first a mixture of fumed silica powder and carbon was heated in the temperature range of 1600 1700°C for 10 h. The resulting material, consisting of ¢-SiC material, was then cooled and remixed before being fired at 22002300°C for 1 h; allowing the ¢ to ¡ transformation. The growth of platelets was facilitated by the presence of a catalyst such as boron, aluminium or lanthanum. During the formation process, the platelets typically bonded together. The platelets appeared to be ordered at angles of 60°corresponding to the hexagonal crystal symmetry. For practical use, the bonded platelets needed to be broken down using ball milling. The platelets observed in our work did not show any tendency to bond to each other, which might be because of the very rapid CFT used. Comparing with previous work, 9) the extremely rapid growth of platelets in our work was achieved because of the: i) high temperature of the sample, estimated to be in excess of 2300°C; and ii) the rapid flow of SiC gaseous species driven by the thermal gradient developed between the sample core (hot zone) and its surroundings (cold zone).
Previous work carried out on pure ¡-SiC 6) using CFT technique for 10 s at 10 A, showed no formation of SiC platelets; only recrystallized SiC. In the case of 50%wt boron carbide instead, full consolidation was achieved in ³3 s and current at 6 A. 6) As detailed in the experimental procedure, the powder used in the present study is a sinterable grade even in pressureless conditions, however, platelet growth was observed instead of consolidation. Platelet formation was observed at higher currents (26 A) and longer times (33 s) compared to the previous study. 6) The results suggest that a higher power density (current), prolonged discharge time and material composition containing limited amount of liquid phase would promote platelet growth induced by the SiC sublimation.
The mechanism of formation of such platelets can be understood by considering the surface energies involved in the growth of ¡-SiC (6H) crystals. Under CFT conditions, the sample reached temperatures exceeding 2300°C, which lead to the development of significant amounts of gaseous species (i.e. Si, Si 2 C, SiC 2 ); as in the Physical Vapour Transport process, driven by a thermal gradient. 10) In the PVT process, the mirror-like (0001) Si terminated facet is the surface with the slowest growth rate.
11)
The fastest growth rate is in the a-axis direction.
12) The accelerated growth along the a-axis results in the formation of platelike crystals having nearly perfect hexagonal prism shape; as highlighted by the white arrows in Fig. 3(b) . Most of the platelets have a regular shape, but some of the larger particles have nonregular shapes; as highlighted by the black arrow. From the high magnification image shown in Fig. 3(c) , it is possible to derive the growth mechanism of these particles; which developed through the interaction between the growth spirals of two closely spaced screw dislocations with the same Burgers vector mag- nitude but opposite signs.
13) It is also seen that the symmetry in the growth is affected by the presence of contamination in the starting powders; as highlighted by the black arrow in Fig. 3(c) .
In summary, the results demonstrate that, in principle, the CFT process can rapidly synthesise platelet morphology SiC in a discharge time of just 33 s. The inherent energy and time saving in comparison to conventional processes, which involve much longer dwell times (around 1 h) at 2300°C, make this an attractive technique for the efficient production of platelet SiC. By further optimizing the electrical parameters of the contactless flash technique it might be possible to tailor platelet size and aspect ratio.
